dellach, 1993; Galindo et al., 1994) . Recent Nd isotope studies (e.g., Halliday et al., 1990 ) and Sm-Nd dating of hydrothermal fluorite mineralization (e.g., Chesley et al., 1991 Chesley et al., , 1994 have shown that the Nd initial ratios reflect the composition of the ore fluids and provide reliable ages for ore formation.
This study focuses on the Nd, Pb, and Sr isotope analyses of hydrothermal fluorite from the main deposit at Amba Dongar, located on the northern side of the calciocarbonatite ring (Fig. 1) . This is the first detailed radiogenic isotopic investigation of fluorite mineralization associated with any carbonatite complex, and these Pb isotope ratios are the first documented from fluorites. Specimens consist mainly of coarse-grained fluorite, either of a single variety (e.g., yellow--sample AMDO-104B, or black--sample AMDO-108), or intermixed fluorite of different colors (e.g., AMDO-100). Textural evidence from samples which contain both carbonatite and fluorite clearly show that fluorite deposition was later than carbonatire formation. All of the fluorite samples used in this study were taken from either cavities or crosscutting veins that replaced the host ferrocarbonatite. On the basis of Nd, Pb, and Sr isotope ratios from the fluorites associated with the Amba Dongar carbonatite complex, we attempt to determine the origin and evolution of the ore-forming fluids. (Tables 1 and 2) were determined by isotope dilution using 145Nd, S7Rb, •49Sm, and S4Sr spikes, and a mixed =ø6Pb-=aaU-'•asU spike. Nd and Sr were analyzed using a double Re filament technique, and all isotope ratios were measured on a Finnigan-MAT 261 multicollector solid source mass spectrometer, operated in the static mode. Samples for Pb isotope analyses were run on a single Re filament using silica gel and phosphoric acid. Reproducibility of isotopic ratios for samples and standards are given in Tables 1 and 2 Although the 147Sm/144Nd ratios for the fluorites are variable (0.189-0.517), the corrections to present-day 143Nd/144Nd isotope ratios (Table 1) Reproducibility of Pb isotope ratios is 0.1% at the 2o' level; an average fractionation factor of 0.1% per mass unit was applied to all measured ratios (1992) have identical REE patterns to one another with almost horizontal slopes, which differ significantly from the steeply negative, chondrite-normalized REE patterns from the carbonatites (Fig. 5) (Table 1) , an 87Sr/86Sr isotope ratio between 0.75359 and 0.78274 (Table 1) -derived fluid) , the other binary mixing curves provide a reasonable fit to the distribution of the fluorite data, especially to the data for those fluorites that contain < 1,000 ppm Sr (Fig. 6) . The binary mixing calcula-tions also show that the Sr in the Amba Dongat fluorites is predominantly from a crustal source, with an estimated ground-water (sandstone)/carbonatite ratio in the mixture ran 'n between 7'3 9:1.
• The Pb isotope ratios from the fluorites show that they are quite different from the values shown by the earbonatites, and significantly different from those from the Bagh sandstone. Most of the Pb isotope ratios are more radiogenic than those of the earbonatites, but similar to those of galena and pyrite. The Pb isotope data place additional constraints on the evolution of the mineralizing fluid, suggesting that the fluid interacted either with crustal material that was not Bagh sandstone or with minerals from the sandstone with much higher U/Pb ratios than those of the whole rocks. Our findings from the Nd, Sr, and Pb isotope data point to a complex evolutionary history for the mineralizing solutions that involved ongoing interactions between a cooling F-rich fluid, derived from the earbonatite melt, and the continental crust.
